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ABSTRACT: Adequate resection margins are critical to the treatment
decisions and prognosis of patients with head and neck squamous cell
carcinoma (HNSCC). However, there are numerous controversies
regarding reporting and interpretation of the status of resection margins.
Fundamental issues relating to the basic definition of margin adequacy,
uniform reporting standards for margins, optimal method of specimen
dissection, and the role of intraoperative frozen section evaluation, all
require further clarification and standardization. Future horizons for
margin surveillance offer the possible use of novel methods such as
"molecular margins" and contact microscopic endoscopy, However, the
limitations of these approaches need to be understood. The goal of this
review was to evaluate these issues to define a more rational,
standardized approach for achieving resection margin adequacy for
patients with HNSCC undergoing curative resection. VC 2012 Wiley
Periodicals, Inc. Head Neck 35: 1362–1370, 2013
KEY WORDS: head neck cancer, pattern of invasion, surgical
margins, frozen section, molecular factors
INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC)
may be treated by surgery, radiation therapy, systemic
therapy, or combinations of these modalities. In general,
local tumor control is best achieved by complete surgical
excision with "adequate" resection margins. Although the
concept of margin adequacy may seem straightforward,
considerable confusion surrounds the definition of
adequate margins. There are also sizeable differences
regarding the extent of surgery performed, and the
method of determining margin status. Thus achieving
resection margin adequacy is highly "operator dependent"
with respect to surgeons and pathologists. The practice of
quantifying resection margin distance on the pathology
report has not been universally adapted. Unfortunately,
nonquantifiable, ambiguous terms such as "close margins"
are still being used. Worse yet, margins may be deemed
"negative" or "free" when, in fact, they are inadequate.
This lack of clarity is unfortunate because adjuvant treat-
ment decisions and patient outcomes are profoundly influ-
enced by the completeness of tumor removal. The surgical
management of HNSCC would greatly benefit from a more
accurate and standardized approach to resection margins.
A refined, standardized approach to margin surveillance
should ideally account for various anatomic and tumor
factors such as the 3-dimensional aspects of tumor exten-
sion and pathologic factors such as the pattern of tumor
invasion. Changing surgical practices impact the optimal
method of margin surveillance. Open or transoral en-bloc
resections are amenable to comprehensive "specimen-
driven" tumor mapping and margin surveillance, as will
be discussed. However, the same approach may not be
feasible for endoscopic or piecemeal laser microscopic
resections, where multiple tumor fragments can add com-
plexity to the surgeon/pathologist team.
More sophisticated imaging and optical techniques are
now being developed that may allow surgeons, before
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and during surgery, to pinpoint tumor boundaries of pri-
mary carcinomas more precisely. This also has the poten-
tial to impact margin surveillance. These optical techni-
ques, however, are largely limited to the surface mucosa
and cannot assess deep resection margins. The ability to
detect genetically damaged, albeit phenotypically normal
mucosal cells has been proposed as the basis for novel
molecular assays as a form of margin assessment, which
has been termed "molecular margins." Although this rep-
resents, theoretically, a promising avenue for upper aero-
digestive tract tumor mapping, there is little clinical expe-
rience with this method, and, once again, this strategy
cannot address deep resection margins.
The goal of this review was to summarize the debates
regarding the above issues, review the literature, provide
evidence or a rationale for consensus and standardization,
and finally, where possible, suggest a practice standard
for margin surveillance.
Definition and prognostic impact of positive margins
Despite an overwhelming consensus that failure to eradi-
cate tumor at the primary site is the single largest cause of
death for patients with HNSCC,1 there is no universal defi-
nition of an inadequate resection margin. In a survey of
the American Head and Neck Society,2 members were
asked how they evaluate and define tumor margins. The
most common response for distance of a clear pathologic
margin was >5 mm on microscopic evaluation. Margins
containing carcinoma "in-situ," but not "dysplasia," were
considered positive by most respondents. When the results
of initial frozen section margins are positive and further
supplemental resection margin results are negative, then
90% of respondents considered the final resection margin
status as negative. This survey underscored the fact that
uniform criteria defining adequate surgical margins are
lacking among practicing head and neck surgeons.2
Most will agree that resection margins should be
assessed as "perpendicular margins" (Figure 1). Histologic
sections should be taken from the tumor invasive front to
the nearest surgical resection edge and measured in milli-
meters. This is in distinction to parallel, en-face margins,
which assess greater surface area, but do not allow for
the measurement of margin distance. Most studies classify
margins as either (1) positive, that is, tumor "cut-
through"; (2) close; or (3) negative margin, with varying
definitions of close and negative. The crux of the contro-
versy revolves around the necessary distance between the
carcinoma and "the surgeon’s knife," be it stainless steel,
electrocautery, or laser. Most studies that specifically
define margin distance use a somewhat arbitrary defini-
tion of 5 mm to define margin adequacy.3–9 Many stud-
ies demonstrate improved outcomes with adequate (nega-
tive) margins. For instance, Chen et al4 reported on 270
consecutive patients with carcinoma of the oral cavity,
oropharynx, hypopharynx, and larynx, using a defined 5-
mm margin standard. Locoregional recurrence and 5-year
disease-free survival rates were 55% and 7%, versus 17%
and 39%, for patients with inadequate versus adequate
margins, respectively. Similarly, Loree and Strong5
reported the outcome for 398 consecutive patients with
oral cancer, using a defined 5-mm standard for margins.
Locoregional recurrence and 5-year overall survival rates
were 30% and 52% versus 18% and 60% for patients
with inadequate versus adequate margins, respectively.
Liao et al10 reviewed 827 consecutive patients with oral
cancer and examined the impact of different cut-off val-
ues for resection margins (3 mm to 11 mm, in 1-mm
intervals) by hazard ratio and 95% confidence intervals.
This large-scale study is the only one to address the issue
of "optimum" margin distance. On multivariate analysis,
they demonstrated that resection margins of 7 mm were
significantly associated with decreased local disease
control.10
Table 1 summarizes publications that define resection
margin standards, and their associated outcome.4–15 Inter-
estingly, not all groups demonstrate that adequate resection
margins are associated with better outcome as compared
with patients with inadequate margins.8,9,11,12 Why would
some "inadequate" resections be associated with better out-
comes than other "inadequate" resections? We hypothesize
that the more optimal the surgical resection and the more
optimal the intraoperative margin assessment, the better
the outcome for patients with "inadequate" margins. Nar-
rowing the outcome gap between patients with adequate
versus inadequate margins would be seen as a lack of sig-
nificant difference in outcome between these 2 groups. We
speculate that the degree of "inadequate" margins reported
in the studies by Chen et al,4 Loree and Strong,5 and Gar-
zino-Demo et al6 may have been underestimated because
of the significantly worse outcomes for these patients.
Without question there are significant institutional and
practice differences between institutions, making scientific
comparisons difficult regarding margin assessment.
Laryngeal resection margins: A unique situation
The treatment of laryngeal cancer includes the addi-
tional consideration of balancing voice preservation with
FIGURE 1. Combined mandibular and lateral tongue resection
demonstrating mapping of different margin planes (eg, anterior floor of
mouth, tongue root, midline deep tongue). The perpendicular planes
represent the direction of cuts the pathologist makes into the specimen
at the time of specimen "hand-off." Modified from Surgical Pathology
Dissection—An Illustrated Guide, 2nd edition, W Westra, R Hruban, T
Phelps, C Isacson, Springer, New York 2003, with permission.
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local disease control. There is a long-standing consensus
that glottic resection margins may be as limited as 1 to 2
mm and still be considered adequate.16,17 T1 glottic carci-
nomas may be treated by transoral laser surgery; several
retrospective studies have demonstrated that close or pos-
itive margins had no impact on local recurrence.18–22
This finding may be due to the thermal laser effects at
the resection margins, the inherent excellent outcome of
T1 glottic carcinomas, or possibly the small size of the
specimens and the shrinkage during the technical workup
for pathologic analysis.
Because of the anatomic constraints of the larynx,
many laryngeal studies use a defect-driven approach to
margin surveillance, in which the margin biopsy speci-
men is taken from the cut border of tissue remaining in
the patient. The surgeon selects the tissues to be eval-
uated for margin status, and margins are evaluated as ei-
ther "positive" or "negative." In this context, retrospective
studies including higher stage glottic cancers have dem-
onstrated that positive margins are significantly associated
with decreased local control. Peretti et al23 reported on
595 patients with Tis–T3 glottic carcinomas and demon-
strated a modest, but significant, association with positive,
"cut-through" deep margins and decreased local disease
control. Crespo et al24 reported on 40 patients with T1 and
T2 glottic carcinomas and also demonstrated that positive
"cut-through" margins were significantly related to local
recurrence. Blanch et al25 reported on 107 patients with
T2/T3 anterior commissure glottic carcinomas and demon-
strated that positive "cut-through" margins were signifi-
cantly associated with increased local failure. Spector et
al26 reported on 42 patients with T3N1 glottic cancers
treated by total laryngectomy and reported that positive
"cut-through" margins were significantly associated with
decreased disease-free survival, regardless of whether adju-
vant radiation therapy had been administered.
Gallo et al27 reported on 253 patients treated by supra-
cricoid partial laryngectomy, which included 42 patients
with supraglottic cancers. Here, they defined "positive
margins" as cancer or dysplasia <5 mm, although they
did not further clarify the degree of dysplasia. Multivari-
ate analysis demonstrated that positive margins remained
significantly predictive of local disease control. Bradford
et al28 reported on 159 surgically treated patients with















Chen et al4 1987 Oral, oropharyngeal,
laryngeal,
hypopharyngeal
270 5 mm 55% vs 17% 7% vs 39% 5-year
disease-free survival
Loree and Strong5 1990 Oral 303 5 mm 30% vs 18% 52% vs 60% 5 year OS
El-Husseiny et al7 2000 Tongue 66 5 mm 0% vs 63% DFS 21% vs 72%
de Visscher et al14 2002 Lip 72 3 mm 8 patients had
inadequate margins.
LR developed in 1 of these
8 patients, plus 1 patient
with adequate margins.
Sutton et al15 2003 Oral 200 5 mm 55% positive vs 33%
close vs 12% negative
0% positive vs 26%
close vs 54% negative
alive and disease-free
McMahon et al13 2003 Oral and
oropharyngeal
332 10 mm Margin status associated
with LR and DSS on
univariate analysis but
not multivariate analysis
Amaral et al8 2004 Oral,
Stage I/II
188 5 mm 66% vs 73% DFS
Weijers et al9 2004 Oral 68 5 mm 6.6% vs 7.9% (adequate versus
close, positive margins excluded)
Kademani et al11 2005 Oral 233 2 mm ‘‘Positive margins did
not influence survival"
Brandwein-Gensler et al12 2005 Oral and
oropharyngeal
168 5 mm 23% vs 13% (adequate versus
close margins, positive
margins excluded)
Garzino-Demo et al6 2006 Oral 245 5 mm 48% vs 65% 5 year OS
Liao et al10 2008 Oral 827 This group examined the impact of
different resection margin cut-off
values for resection margins ( 3 mm
to  11 mm, in 1 mm intervals) by
hazard ratio and 95% confidence intervals.
On multivariate analysis, resection margins
of  7 mm were significantly associated with
decreased local disease control.
Abbreviations: OS, overall survival; DFS, disease free survival; LR, local recurrence; DSS, disease specific survival.
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stage III/IV laryngeal cancer, including 97 patients with
supraglottic cancers, as part of the Department of Veter-
ans’ Affairs Laryngeal Cancer Study. Patients with close
(< 5 mm) or positive "cut-through" margins received sig-
nificantly higher doses of postoperative radiation. Patient
survival percentages were 50% for clear margins, 57%
for close margins, and 27% for involved margins (p ¼
.286). Although the higher radiation doses may have
minimized the survival differences between patients with
close and negative margins, the data suggest that high-
dose postoperative radiation does not eliminate the benefit
of obtaining widely clear surgical margins. A retrospec-
tive study of 653 patients limited to supraglottic cancers,
all stages, treated by either open supraglottic laryngec-
tomy or total laryngectomy, demonstrated that positive
margins were significantly associated with decreased dis-
ease-free survival.29 On balance it seems clear that very
narrow margins are adequate for the glottic larynx, but
wider margins are necessary for carcinomas of transglottic
or supraglottic locations.
Margin inadequacy: Deep tissues versus mucosa
Surgeons are more likely to encounter difficulties in
achieving adequate margins for deep connective tissue
planes as compared with mucosal margins. In a review of
301 patients with oral and oropharyngeal cancers resected
with curative intent, deep soft tissue margins were
involved in 87% (61/70) of resections with inadequate
margins. In contrast, resections with inadequate mucosal
margins alone were rare, seen in 16% (11/70) of cases.
Hence, less than 2% of 301 resections had inadequate
margins solely on the basis of mucosal margins.30 This is
especially relevant in the context of newer approaches
such as "molecular margins" or confocal microscopic en-
doscopy, which assess only mucosal surfaces. Anatomic
constraints may also limit the surgeon’s ability to achieve
adequate deep resection margins. Another factor explain-
ing the higher incidence of inadequate deep soft tissue
margins may be that on the mucosal surface the tumor is
visible whereas during excision of the tumor in the soft
tissues the tumor is not visible but only palpable when
one attempts an "en bloc" resection (piecemeal resections
may mitigate this risk). Moreover, factors such as peri-
neural and lymphovascular invasion and infiltrative
growth patterns are more likely to be relevant in the
cause of inadequate deep soft tissue margins. These fac-
tors will be discussed later in this review.
Intraoperative margin surveillance: The en-bloc
approach
An interesting survey of 200 pathologists in 2006
reported that most surgeons send small tissue fragments
to pathologists as a means of HNSCC margin assess-
ment.31 Although this does have speed advantages and
more control in terms of "true margin" accuracy in situ,
particularly with respect to more spatially complex speci-
mens, this approach can certainly underestimate the real
status of resection margins. We advocate that intraopera-
tive resection margin surveillance for en-bloc resections
should be "specimen driven," rather than "defect driven,"
as defined above. Because many of the older publications
regarding margins never specifically discussed the manner
of margin assessment, it is likely that the reported litera-
ture is based on a mixture of both "specimen-driven" and
"defect-driven" approaches.
Small resections, such as wedge resections from the
tongue, are easily oriented by sutures. Large or compli-
cated resections may require that the surgeon personally
hand off the specimen to the pathologist and participate
in specimen mapping. The first 10 minutes of pathologist/
surgeon interaction after specimen hand-off yields the
most valuable information. Whenever possible, face-to-
face interaction is recommended. The approach is identi-
cal regardless of whether the en bloc specimen was har-
vested via open surgery or transoral robotic surgery.
Translating a complex 3-dimensional resection specimen
into a comprehensive 2-dimensional map can be challeng-
ing. It is recommended to document the process, either
with a diagram or a digital image that includes labels of
the anatomic sites. Some surgeons ink the different resec-
tion margin planes with different colors and keep careful
records that are an additional component of mapping (eg,
red ¼ superior). Different inking is particularly important
when a section will include more than 1 margin (ie, deep
and ventral) on the slide. Resection margins are defined
as any tissue plane where the surgeon’s knife meets the
patient. The surgeon identifies intraoperative nonmargin
tissue tears or cuts. Rather than avoiding inking these
surfaces, we recommend inking these tears or cuts in a
new specified color (eg, yellow ¼ tissue tear).
After orienting, mapping, and inking the resection spec-
imen, the pathologist surveys the resection planes by cut-
ting into the specimen at 2- to 4-mm intervals perpendic-
ular to the resection margin plane (Figure 1). This gross
assessment yields important preliminary information. The
surgeon may elect to return to the defect at this time to
harvest more tissue on the basis of the gross examination
result, as slides are being processed. This is followed by
microscopic examination, which further refines the infor-
mation. An easy method for pathologists to histologically
measure distance accurately in millimeters is to print out
a metric ruler on acetate paper (see http://www.vendia-
n.org/mncharity/dir3/paper_rulers/) and overlay the clear
ruler on the slide.
A recent review of intraoperative margin surveillance
for 61 patients undergoing supracricoid laryngectomy dem-
onstrated positive margins in 11% of resections.32 Harvest-
ing supplemental resection margins successfully addressed
initial positive margins in all but 1 patient, who required
total laryngectomy. All of the positive margins were found
at the ipsilateral posterior and inferior margin planes; the
authors recommend particular sampling of these margins.
Of note, the thermal effects of both laser and electrocau-
tery on tissues have reportedly introduced problems in
interpreting the histologic study results. However, perma-
nent histologic study confirmed the frozen section results
in 94.8% of the interventions in 1 study. The authors con-
cluded that intraoperative margin surveillance is reliable
for laser-assisted procedures, with a high negative predic-
tive value when performed by an experienced team.32
It is common practice for surgeons to address close
margins at the time of frozen section by harvesting wide
SURGICAL MARGINS IN HEAD AND NECK CANCER
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swatches of "supplemental margins" from the correspond-
ing regions of the defect. A combined approach of "speci-
men-driven" and "defect-driven" margin surveillance may
be necessary for some spatially complex specimens,
because many landmarks retract or are lost on a main
specimen. "Defect disorientation" can limit the surgeon’s
ability to accurately relocate the site of inadequate margin
planes. This disorientation can be anticipated and solved
by marking the various margin points within the surgical
defect by use of clips or sutures, before bringing the
resection specimen to the frozen section suite.33
A false-negative frozen section report is usually the
result of sampling error; carcinoma may be absent in the
actual frozen section slide but appears in the permanent
sections after deeper cutting into the formalin-fixed paraf-
fin-embedded block. Two groups have demonstrated that
extensive histologic evaluation with multiple levels at the
time of frozen sections decreases the false-negative rate
for intraoperative margin assessment.34,35
Intraoperative margin surveillance: The multiblock
approach
Intraoperative margin assessment is especially impor-
tant in conservation laryngeal surgery where, because of
the small size and high complexity of the larynx, close
surgical margins are often inevitable. Endoscopic laryn-
geal resection with CO2 laser is replacing the external la-
ryngeal approach. This technique changes the paradigm
of margin surveillance, because en-bloc resection may be
replaced by multiblock resection. With "transoral laser
microsurgery," the surgeon will deliberately laser through
tumor to remove manageable sections of tumor through
the necessary narrow confines of an exposing laryngo-
scope. Transoral laser microsurgery is applicable to head
and neck cancers at all head and neck locations within
the upper aerodigestive tract. This technique has the
advantage of allowing the surgeon to map the 3-dimen-
sional depths of the tumor under high powered operative
microscopy visualization. Many laser surgeons will ink
the edge of each tumor section on the edge to prevent
fragment disorientation during evaluation by frozen sec-
tion. Particularly where the glottis is concerned, "defect-
driven" margin assessment should be avoided because the
extra tissue taken can unnecessarily harm subsequent
vocal function. There may be situations, however, where
defect-driven margin sampling is unavoidable. In this set-
ting, margins must be reported as either positive or
negative.
Patients with laryngeal cancer with positive margins on
permanent pathology often undergo second operations to
address these margins; residual cancer may be identified
in up to 31% of second procedures.18 Perhaps the largest
experience with second look surgeries, for laryngeal, as
well as oral resections, is reported by J€ackel et al.36 and
Steiner et al.37,38 As a result, in part, of the physical sep-
aration of the pathology laboratory and the surgical suite,
second looks were initially required in more than a third
of the patients. In spite of this, when positive margins
were identified on permanent pathology, clear margins
were ultimately obtained during a "second-look" proce-
dure in the vast majority of patients. This resulted in no
measurable difference in local control or overall survival.
In conclusion, achieving adequate resection margins at
initial surgical treatment is good practice. This has the
potential to eliminate the need for additional surgery or
adjuvant therapy. Most authors agree that intraoperative
resection margin surveillance is valuable; it requires close
cooperation and good communication between surgeon
and pathologist. Achieving adequate resection margins
can be expected to impact local control and may affect
overall survival.
Tissue shrinkage
No discussion regarding resection margins is complete
without raising the issue of tissue shrinkage. Tissue under
tension will contract after resection; thus surgeons lament
that the margins shrink and the surgical defect expands.
Canine studies have demonstrated that tongue mucosa
contracts more than deep tongue muscle after resection
(24.8% vs 20.9%).39 The only study to address margin
shrinkage in patients with head and neck cancer appears
to have measured only mucosal contraction, which was
on the order of 20% to 25%.40 These figures provide
some rough "rule of thumb" for surgeons. Surgeons need
to place 20% to 25% more tissue between the tumor and
"the blade" to achieve a particular margin distance.
Tissue formalin fixation and paraffin embedding will
also add to tissue shrinkage, but to a lesser degree, on the
order of 10%. In the experience of one of the authors
(M.B.G.), who compared margin distances at the time of
gross examination in the patient, in the frozen section
slide and in the corresponding permanent section slide,
tissue shrinkage has minimal overall effect on the final
margin status. Margin status discrepancies between frozen
and permanent sections are more likely due to increased
sampling rather than tissue shrinkage.
Bone margins
Because of its high mineral content and need for decal-
cification, bone is generally not amenable to rapid tissue
analysis. Osseous margins have therefore been tradition-
ally determined before surgery by viewing imaging stud-
ies. The need for a more definitive and immediate histo-
logic intraoperative evaluation of bone margins for
residual tumor is obvious and has been the subject of sev-
eral studies.
Forrest et al41 evaluated the bone margins during sur-
gery of 29 adult patients with biopsy-proven carcinoma
who underwent full-thickness mandibular resection. Using
a curette, the proximal 1 cm of cancellous (not cortical)
bone was sampled from the mandibular stump (not from
the resected specimen). With standard frozen section
technique (cryostat and 4-lm–thick sections), this method
was able to predict the final pathologic surgical margin in
97% of cases. Mahmood et al42 examined the bony resec-
tion margins of 7 patients undergoing segmental resection
of the mandible for squamous cell carcinoma. Instead of
frozen section, they used intraoperative cytologic assess-
ment of bone marrow scrapings to predict margin status.
The procedure proved to be easy, cost-effective, and
HINNI ET AL.
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reliable. All specimens examined correlated with the final
results obtained after conventional bone decalcification.
Because of its hardness, cortical bone cannot be sec-
tioned without decalcification before histologic evalua-
tion. Some recent procedures have been developed that
circumvent this issue and allow cortical bone to be exam-
ined histologically at the time of surgery. Oxford and
Ducic43 describe their technique in which a 4- to 5-mm
sharpened, curved osteotome is used to obtain thin, trans-
lucent sections of cortical bone margins derived from the
resected specimen. Because the sections are so thin, they
require no decalcification and can therefore be examined
by routine frozen section. The procedure, according to the
authors, is highly sensitive (89%) and specific (100%)
with respect to findings on permanent decalcified sec-
tions. Wysluch et al44 describe another procedure for
examining cortical bone during surgery. They use a tre-
phine drill to obtain 1 or more 5-mm length cores of
bone from the resected margins. A contact gel is applied
to the cores, which are then cooled on a carrier plate.
Cryostat sections can then be obtained, and the slides, af-
ter removal of the gel, are ready for staining and evalua-
tion. According to the authors, the entire processing time
including diagnostic examination averages 30 minutes. In
this study the intraoperative frozen section evaluation and
the final pathologic diagnosis were in agreement in 94%
of cases.
Other, more sophisticated means of evaluating bone
margins at the time of surgery have been proposed, such
as intraoperative microwave processing and elastic scat-
tering spectroscopy.45,46 These procedures, however, are
often labor-intensive and require expensive instruments or
specialty-trained personnel.
Regardless of which procedure is used to obtain the
specimen, intraoperative interpretation of bone margins
can be challenging. There is often considerable artifactual
distortion of the specimen, the background is usually
hemorrhagic and contaminated with bone dust from the
drill or saw, and normal immature hematopoietic precur-
sors may at times cause concern or even be mistaken for
tumor cells. However, despite these challenges, we
believe that bony margins can and should be routinely
assessed during head and neck cancer operations where
bone is involved by tumor.
In contrast to bone, cartilage, unless heavily calcified
or ossified, can usually be examined by standard frozen
section without prior preparation. A common technical
problem, however, is the tendency of the cartilage to
"float" off the slide during staining. This can be dimin-
ished by precoating the slide with albumen or gelatin,
which serves as an adhesive. Irrespective of these modest
challenges, we believe that bony and cartilaginous mar-
gins can and should be routinely assessed during head
and neck cancer operations.
Use of imaging and optical techniques
Contact endoscopy ("in vivo" microscopic examination
of laryngeal mucosa with a rigid endoscope) has been
evaluated as an auxiliary method to accurately distinguish
between healthy mucosa, dysplasia, and invasive carci-
noma during surgery. Contact endoscopy has the advant-
age over frozen section histopathologic study in that it is
noninvasive and provides information on microscopic di-
agnosis and laryngeal lesion margins. One study reported
a sensitivity of 80%, a specificity of 100%, and an accu-
racy of 93% for contact endoscopy in the diagnosis of
malignancy.47 Another study examined contact endoscopy
for frontolateral approach of glottic cancers; the lesion
and its limits were carefully defined, the surgical margins
were established under the rigid telescope, and the tumor
margins were studied under contact endoscopy after meth-
ylene blue staining. Frozen section examination of the
margins was performed, and the histopathologic analysis
was compared with the surgical and endoscopic findings.
The surgical margins were free of disease in all cases,
and there was a 100% correlation with the histopathologic
examination, supporting the utility of contact endos-
copy.48 Another recent development that may allow for
more accurate surgery is the visualization of tumor cells
by fluorescent labeling.49 With these techniques of
image-guided surgery, tumor extension and deep, as well
as mucosal, resection margins may be assessed more
accurately during surgery. On the other hand, simply
adopting an anatomic approach to cancer surgery by
studying preoperative CT or MRI scans may also reduce
the incidence of positive margins. In 1 report, experienced
surgeons identified positive margins 28% of the time.
This number dropped to 5% after the advent of routine
preoperative CT study.50 In another recent study of carci-
noma of the maxilla, more than one third of 69 patients
were found to have positive margins. When compared by
careful imaging, both dorsal and cranial tumor extension
was significantly associated with positive margins. The
margin status when positive was linked to a doubling in
the risk of death.51
Histopathologic and molecular factors
The biologic behavior or aggressiveness of individual
cancers clearly impacts the ability to achieve local con-
trol. Broder’s "grading system," on the basis of the degree
of tumor keratinization, was perhaps the first attempt at
microscopically predicting tumor behavior.52 Tumor lym-
phovascular emboli and perineural invasion are also prog-
nostically significant.53 However, multifactorial grading
algorithms were found to be more predictive of outcome
than 1 single parameter alone.54,55 This served as the
forerunner for a more complex risk model proposed by
Brandwein-Gensler et al.12,56 The inability to obtain
adequate resection margins is also an indicator of inherent
tumor aggressiveness. The pattern of tumor invasion
impacts the ability to clear deep resection margins. Tumor
worst patterns of invasion (WPOI) can be classified as
aggressive if carcinomas contain either small tumor
islands (15 cells) that are separate from but close to the
main tumor mass (WPOI type 4), or worse yet, if the tu-
mor satellites are dispersed (WPOI type 5).12,56 These
WPOI have been validated as significant prognosticators
of outcome.56 A number of histologic phenotypes can be
seen with WPOI type 5, including dispersed growth via
lymphovascular tumor emboli, and dispersed growth via
perineural invasion. Both aggressive WPOI are signifi-
cantly associated with inadequate margins at deep tissue
planes.12 However, there is no literature at this time to
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support the relevance of these findings with respect to
management of margins, specifically whether high-risk
tumors require greater margin distances than low-risk
under these scoring schemes.
The concept of field cancerization is important in any
discussion of surgical margins and mucosal margins in
particular. First described in 1953, this somewhat contro-
versial idea is that HNSCCs arise from a "field" of genet-
ically damaged or "condemned" mucosa.57 Recent obser-
vations have supported the view that the epithelium of
the upper respiratory tract may become populated by
tracts of genetically damaged cells, which lack histopa-
thologic evidence of dysplasia.58 The presence of mor-
phologically intact but genetically damaged cells would
seem to explain certain distressing patterns of HNSCC
behavior such as local tumor recurrence after seemingly
"complete" surgical resection with "negative" margins. A
growing lack of confidence in the pathologist’s ability to
recognize the presence and extent of the neoplastic pro-
cess in patients at risk for HNSCC has accelerated a
search for novel biomarkers in the recognition and treat-
ment of HNSCC, particularly in the evaluation of surgical
margins. Indeed, the presence of genetically altered cells
can be detected in histologically normal mucosal margins
with a variety of strategies for detecting genetic altera-
tions including TP53 mutations,59 loss of heterozygos-
ity,60 promoter hypermethylation,61,62 eIF4E proto-onco-
gene overexpression,63 and mitochondrial DNA
mutations.64 Importantly, the presence of these geneti-
cally damaged cells has been shown to predict local tu-
mor recurrence in patients who have undergone tumor
resections with histologically clear margins. Although
molecular margin assessment has been studied in the lit-
erature with some promising early evidence, this type of
analysis is currently investigational and not used widely
in clinical practice.
Although a rising percentage of HNSCCs, particularly
those arising from the oropharynx, are associated with
high-risk human papillomavirus (HPV), an HPV detection
strategy has not yet been implemented as a practical tool
for assessing margin status for the resection of HPV-posi-
tive tumors. First, these HPV-associated squamous cell
carcinomas do not appear to arise in a widespread field
of HPV infected mucosa.65 In effect, HPV detection
would not be very useful in determining the extent of dis-
ease in histologically normal mucosa. Second, most oro-
pharyngeal HPV-associated squamous cell carcinomas are
not treated surgically.
There are practical, financial, and even ethical con-
flicts that emerge from discussions regarding the utility
of molecular margins that currently add time and
expense and raise the question of what the clinician
should do when histologically normal margins harbor
genetic alterations. In addition, a significant limitation
of these molecular analyses of surgical margins is the
considerable time required to perform them, which sig-
nificantly limits their intraoperative usefulness. Unlike
direct visualization techniques using vital dyes or auto-
fluorescence, molecular genetic analysis does not pro-
vide instantaneous results. Nonetheless, automation and
streamlining of methodologies is dramatically decreasing
turnaround times, nearing the point where intraoperative
genetic analysis of surgical margins may become feasi-
ble some future date.62,66
At this time, targeted molecular margin analysis
remains in its infancy. As mentioned, the strategy of mo-
lecular margins addresses mucosal genetic alterations,
whereas most inadequate margins are encountered in
deep connective tissue planes.30 Furthermore, current def-
initions of cancer are primarily made histopathologically
in most cases, with clinical correlation. Is it appropriate
to render additional cancer therapy in a region of the
head and neck in which the margins are normal by clini-
cal and histologic examination but demonstrate genetic
instability, particularly when even dysplasia, which is in
principle a more advanced preneoplasia, is often deemed
negative? Do the ends of crafting such a treatment plan
justify the means in terms of morbidity and cost? These
questions and others will need to remain at the forefront
of our investigation as we pursue a molecular diagnosis
of HNSCC.
Management of positive margins
There seems to be little consensus on the treatment of
positive margins other than perhaps avoiding them in the
first place. For tumors from oral and oropharyngeal sites
that are accessible for open or transoral surgery and
excised with inadequate final margins, many surgeons
will opt to reexcise tissue if feasible, especially if this
would abrogate the need for adjuvant radiotherapy. For
inadequate laryngeal margins, there is no consensus about
whether a "second-look" procedure with repeat excisional
biopsy, 4 to 6 weeks after initial surgery, is better than a
"watch-and-wait" approach with close clinical follow-
up.18,19,22 Retrospective studies seem to imply that either
approach is legitimate. It is common to find no residual
carcinoma in margin reexcisions, which does not invali-
date this approach.
There has been recent interest in adding chemotherapy
to the adjuvant radiation in patients at increased risk of
locoregional failure.67 A small study with just 51 patients,
radiation therapy oncology group (RTOG) 88-24, found
that the addition of chemotherapy helped to increase
locoregional control over postoperative radiotherapy
alone. Interestingly, half of the patients in this study
entered with positive margins.68 Two large prospective
studies randomizing patients at high risk to postoperative
radiotherapy with or without concurrent chemotherapy
showed a significant decrease in both local and regional
failure in the group who received concurrent chemother-
apy. The definition of high-risk factors included positive
margins—although that was defined as "less than 5 mm"
in the European Organisation for Research and Treatment
of Cancer (EORTC) study and "at the surgical margin "in
the RTOG study.69,70 Nevertheless, when the data from
both studies with both definitions were combined, these
patients (along with those with extracapsular extension)
treated with postoperative chemoradiotherapy had a 42%
reduction in locoregional failure and a significant
improvement in overall survival rates.67 A final notewor-
thy but less commonly used modality that has the poten-
tial to improve local control in cases of close or positive
margins is adjuvant I125 brachytherapy in conjunction
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with external radiotherapy.71 Because the chance of recur-
rence is not only related to margin status but also to grad-
ing features,12,56 an additional question is whether factors
such as perineural and lymphovascular invasion per se
require additional treatment. These poor prognostic fea-
tures are seldom quantified when limited to the interior of
a specimen with clear margins. If additional treatment is
chosen in those cases with unfavorable grading features,
it may be argued that adjuvant radiotherapy is more likely
to adequately deal with this increased risk on recurrence
than additional surgery given the growth pattern of these
tumors. However, data on adjuvant treatment in the post-
operative setting in relation to features of the primary tu-
mor are limited and results from randomized trials are
needed to answer these questions, and parameters such as
growth pattern should be considered in the context of
other risk factors.
The last consideration is one that has not been fully
explored, and that is the effect of field cancerization on
margin status. If there truly is a dramatic field effect,
reexcising a margin for the presence of dysplasia may be
futile, because there is presumably "at-risk" mucosa in
the entire vicinity of the tumor. Most experienced sur-
geons have at one time or another encountered a patient
with severe dysplasia or in-situ carcinoma widely involv-
ing the upper aerodigestive tract. There is no literature to
clinically guide a surgeon who is striving for an adequate
margin in the setting of field cancerization.
CONCLUSIONS
Inadequate surgical resection margins contribute to
increased local recurrence and morbidity rates, decreased
survival rates, and increased cost to society. It might
commit patients to adjuvant radiotherapy, which may not
have been otherwise necessary. Therefore surgeons need
to strive to achieve adequate resection margins whenever
possible. Currently, it is not possible to compare out-
comes on the basis of margins between institutions given
the disparate practice patterns, institution and surgical
biases, diverse surgical instrumentations, and the varied
resection techniques currently used. Currently there is no
uniformity in the definitions of adequate surgical margins.
However, we do recommend that margin distance be
measured in millimeters and recorded on the surgical pa-
thology report. For carcinomas of the glottic larynx, nar-
row margins of just 1 to 2 mm seem adequate. Within the
oral cavity 5 mm represents the most commonly used
margin standard. For carcinomas of the supraglottis,
hypopharynx, and oropharynx, precise ideal routine met-
rics still need to be defined.
Positive margins should be surgically cleared whenever
possible. If this is not feasible, chemoradiotherapy is
superior to adjuvant radiotherapy alone. Other tumor fea-
tures such as lymphovascular invasion, perineural spread,
and high-risk status are also involved in the risk assess-
ment for local recurrence and impact the decision for ad-
juvant treatment. An ongoing awareness and assessment
of tumor factors including molecular markers need to be
pursued from a research standpoint, with clinical correla-
tion. Future studies need to specifically report local con-
trol and regional control rates, as well as overall survival.
An awareness of the operator dependence regarding surgi-
cal margin assessment requires ongoing review and
improvement to obtain the best outcomes. Future research
should begin with authors clearly defining their respective
institutional definitions. Head and neck surgeons and
pathologists should work together toward standardizing
margin assessment from a multidisciplinary and multiin-
stitutional perspective.
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